Background: Retention of early-taught knowledge and fundamental clinical skills, albeit essential in medical education, has not been extensively investigated. This study is aimed at assessing prospectively the retention of knowledge and skills related to communication with patients and the physical examination by fourth year medical students after an introductory course in basic pediatric cardiology.
BACKGROUND
Individual proficiency in medical practice is highly, albeit not solely, dependent on knowledge and skills continuously acquired since the undergraduate period and during further training stages. Retention of previously taught subjects has been a long-standing concern for medical educators [1] . It is generally assumed that a large proportion of what is taught for medical students is lost in subsequent years [1, 2] . Data from a recent review (1) indicate that basic biomedical sciences knowledge taught earlier in medical school is forgotten in a pattern similar to that of knowledge in other scientific domains. Available evidence indicates that the non *Address correspondence to this author at the Department of MedicineHospital das Clínicas -Campus da USP, Ribeirao Preto, State of Sao Paulo, Brazil, Zip Code (CEP): 14048-900; Tel: +55 (16) 3602 2457; Fax: +55-16-3602 0226; E-mail: ledatron@fmrp.usp.br use or non practice of previously taught knowledge and skills seems to be the main determinant of the degree of loss [1, [3] [4] [5] . Nevertheless, studies on retention of taught subjects is still scarce and there is hardly any investigation concerning knowledge related to clinical sciences.
The factors determining retention and decay of motor skills have also been a matter of concern to psychophysiologists and educators and the results of some studies indicate that there is substantial skill loss with nonuse [6, 7] . The rise of simulation-based education focusing on the acquisition of specific skills relevant to medical practice has renewed the interest in both knowledge retention and specific strategies aiming at the maintenance of what is learned. A number of studies have shown that concentrated learning and training, as well as repeated testing are able to improve performance related to specific skills, such as those involved in advanced cardiac life support [8, 9] , advanced trauma life support [10] , general surgery [11] and laparoscopic skills [12] , drug administration skills [13] , cardiopulmonary resuscitation skills [14] , central venous catheter insertion skills [15] , critical obstetrical events [16] and general knowledge on life support [17] , amongst others.
As far as fundamental clinical skills are concerned, there is data showing that interviewing and history-taking skills also decline over the following years after initial teaching, thus showing a pattern similar to those found for basic sciences knowledge [18] [19] [20] . Nevertheless, the retention of physical examinations skills has only been investigated in very specific settings, such as eye examinations [21] and studies on more general skills are even more scarce.
Since retention of fundamental clinical skills comprises an important matter in any medical specialty, and both the monitoring of maintenance and the detection of skill decay during the medical school period would be crucial for the student, as it would allow for intervention before clinical practice starts investigations focusing on both clinical knowledge and skills retention are pertinent. The purpose of this study was therefore to assess how medical students retain the knowledge and the fundamental clinical skills intensively taught during a short period of time.
METHODS

Settings
This study was carried out at the University of Ribeirao Preto (UNAERP) undergraduate medical program. By the time this investigation was carried out, this private medical school received 50 students per semester, who were admitted shortly after finishing high school for a six-year course. The local curriculum was mainly traditional, teacher-centred, comprising four semesters of integrated basic sciences, one semester of pre-clinical disciplines and three semesters of clinical disciplines. Nevertheless, both in pre-clinical and clinical disciplines, student activities were carried out mainly in outpatient clinics, where opportunities for practicing clinical skills were frequent. The two final years were spent in internships in major clinical areas, such as Internal Medicine, General Surgery, Pediatrics and Gynecology & Obstetrics.
Study Design
This was a prospective study focusing on retention of knowledge and clinical skills by fourth-year medical students after a short teaching period in basic pediatric cardiology. For one year, cohorts of students were followed up and assessed periodically using a standard set of multiple-choice questions (MCQ) test and an objective structured clinical examination (OSCE), which were applied in a random order within an one-week interval. The MCQ items were written following standard guidelines [22] . The OSCE was designed and carried out following the original description [23] , with appropriate adaptations to the local context [24] . The standardized patients who staffed some of the stations were trained according to Barrows´ recommendations [25] .
Subjects
Three cohorts of fourth year medical students aged between 21-26 years volunteered for the study. All students (N = 130, 68 female) were assessed immediately after the teaching period, but the number of students attending the assessment decreased progressively when the assessment was reapplied six months later (N = 42) and one year (N = 21) later. There were no significant differences between the subgroup of 21 students who took all the three assessments and the remaining 109 students comprising the first cohort concerning age, gender and school achievement, as measured by ordinary grades in regular disciplines.
The Teaching Period
After finishing an introductory course on basic clinical skills (history-taking, physical examination and clinical reasoning), students attended a two-week intensive module on cardiovascular diseases, comprising of specific lectures, topics and cases discussions and practical activities with patients in hospital wards and outpatients clinics, which were carried out for the whole day (80 hours). This module included specific sessions (20 hours) focusing on pediatric cardiology comprising three formal lectures, two sessions of clinical topics discussion and various clinical activities with previously selected patients, who presented specific symptoms and signs and were invited to attend the sessions. All the teaching sessions on pediatric cardiology were conducted by the same faculty member. After this module, students attended regular clinical teaching sessions and lectures focusing on other areas of Medicine for one semester before starting the internship, but there were no specific activities concerning pediatric cardiology after the initial teaching sessions.
Assessment
The MCQ test comprised 40 items, which were randomly divided into knowledge about the basis of clinical skills (17 items) and knowledge about diseases and pathophysiology mechanisms (23 items). For each item there were five answers with only one correct answer. Test contents were closely related to what was taught in the teaching sessions and all items were the same for the three assessments.
The OSCE comprised eight stations, each one including a variable set of individual tasks. There were two history taking stations (a breathless infant and a school boy with chest pain), one communication station (breaking good news: diagnostic report to a mother of a child with an innocent murmur), three cardiovascular physical examination stations (one innocent and two pathological murmurs), and two diagnostic test interpretation stations (electrocardiogram and chest radiographs). Cases in the history-taking, communication and physical examination stations were portrayed by standardized patients, including both real, rehearsed patients and simulated patients. Stations lasted eight minutes each and the student performance was assessed by a trained staff member inside the room, who used structured checklists containing from 12 up to 17 items. All the students had been exposed to the stations tasks and clinical scenarios during the teaching sessions.
For the analysis of the results, the history taking and communication skills stations were grouped together (communication), as were the three physical examination stations and the two exams interpretation stations.
Results from both the MCQ test and the OSCE were normalized so as to be expressed in a range from zero to ten. For each student, the overall result of the OSCE was expressed as the mean of the scores obtained in each station.
As far as content validity was concerned, the blueprint and the printed material of both the MCQ test and the OSCE cases were previously appraised by four independent external referees from other institutions [26] . All referees reported that in general there was an adequate matching between questions, clinical tasks and cases to the course instructional objectives, and that both MCQ items and instructions for the OSCE stations and the checklist items descriptors were clear and pertinent. Items that were criticized at this point were carefully reviewed and edited, so as to comply with referee´s opinions. One of the referees, who has experience in structured examinations of clinical skills with simulated patients, also monitored case portrayal by standardized patients in the OSCE and found it to be adequate. Additionally, after every examination, students were asked to answer by way of a structured questionnaire focusing on aspects of exam organization, clarity of instructions, pertinence and degree of complexity of the cases included and more than 90% of respondents (n=126) rated these aspects as "good" or "very good".
With regard to reliability, results for both the MCQ test and the OSCE were split in two halves (even-numbered and odd-numbered questions and stations) and no statistically significant differences between split scores were found [27] .
Data Analysis
Results from the three assessments (immediately after, six months and one year after the teaching sessions) were compared using non-parametric analysis of variance (KruskalWallis test). Data concerning the performance of the 21 students submitted to the three consecutive assessments were specifically analyzed using paired analysis of variance (Friedman test). Differences were regarded as significant for P value equal or less than 0.05. A tendency for significance was considered when the P value was between 0.05 and 0.10.
Ethical Considerations
This work was part of a quality improvement project in medical education aimed specifically at introducing OSCE for undergraduate students in one institution using the expertise acquired in another; and accordingly did not require formal ethics approval. Nevertheless, the study was conducted in accordance with the Declaration of Helsinki and the national ethical guidelines. Moreover, the whole study project was approved by the UNAERP Educational Board and informed consent was obtained from all participating students, after providing them with detailed information about the nature and purpose of the investigation. Participation in the study was completely voluntary, and all participants were free to leave the study at any time without any repercussions. All individual results remained anonymous during the study and were analyzed confidentially. The use of standardized patients (simulated and real, rehearsed patients) for teaching and assessment was previously approved by an institutional Ethics Committee (Statement HCRP Number 724/95).
RESULTS
Knowledge Retention
Results concerning knowledge retention obtained in the three assessments are shown in Table 1 . For all aspects of knowledge assessed, scores obtained in the second and the third assessment were significantly lower than those verified in the first assessment, thus indicating that a significant decay in knowledge retention was verified. A similar finding was observed in the paired analysis of results from the 21 students who took the three assessments, as shown in Fig. (1) . There were no significant differences between this subgroup and the overall group of students concerning the results obtained in the first assessment.
Clinical Skills Retention
Results concerning clinical skills retention are shown in Table 2 . There were no significant differences between the three assessments regarding overall clinical performance and data for communication and physical examination. Regarding diagnostic tests interpretation, scores obtained in the second and third assessment were significantly lower than those verified in the first assessment, thus indicating a significant decay in retention of this skill.
Paired analysis of data from the 21 students who took the three assessments (Fig. 2) showed that scores for overall clinical performance and for communication skills obtained 
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The Open Medical Education Journal, 2013, Volume 6 51 in both the second and the third assessments were higher than in the first one (p=0.07), thus indicating a trend for improvement. No significant differences were found regarding physical examination. As far as the results for diagnostic interpretation tests were concerned, scores obtained in the third assessment were significantly lower than those verified in the first assessment, thus indicating again a significant decay in retention of this specific clinical skill. There were also no significant differences between this subgroup and the overall group of students concerning the results obtained in the first assessment.
DISCUSSION
The results of our study indicates that in the two semesters subsequent to an intensively taught introductory course of basic pediatric cardiology there was a significant decay of knowledge retention, whereas performance regarding clinical skills remained stable and even tended to improve, except for the interpretation of diagnostic tests, such as chest radiographs and the electrocardiogram, which also decayed significantly.
Although more than 80% of students dropped out from the study for unknown reasons, the performances of the remaining 21 volunteers on both the MCQ and the OSCE applied in the first assessment were similar to the overall group, which allowed us to regard them as a representative sample. The reasons for dropping out of the study were not investigated, but could putatively be ascribed to loss of interest, overload of other learning activities, or both.
Since the items included in the MCQ test were the same in the three assessments, we cannot rule out that a memorization effect had occurred from one assessment to another, which would imply an even higher loss of knowledge throughout the three semesters of our study in case the items had been changed. Also, repeated testing has been regarded as a measure that could prevent knowledge decay [28] , which may lead one to assume that an even higher loss would be found if students were tested only once, one year after the teaching period. As far as the clinical skills assessment is concerned, the pediatric cardiology model adopted seems to us particularly adequate for an OSCE, since the physical findings of the most frequent congenital heart defects varies little from patient to patient [29] and therefore different patients could be used, in order to minimize such memorization effect.
The most likely cause for the decay in knowledge retention observed in this study is lack of use of previously taught knowledge [1, 3, 4] . Accordingly, contents related to pediatric cardiology deals with very specific aspects, so that the probability of student exposure to this subject after the initial teaching period and training was thought to be small. Also, the "priority competition" phenomenon [6] might also have a role, due to the considerable amount of information provided to the students in their learning activities in the periods between assessments, which has long been assumed to occur in medical schools with a traditional curriculum [30] . It is interesting to note, however, that the knowledge applied at the patient's bedside has been reported to have a slower decay rate [31] , which could account for the relatively better performance on the clinical skills-related knowledge questions ( Table 1) in our results when compared to the knowledge about disease items. Nevertheless, the magnitude of loss was relatively small, as the difference between the medians for the scores for the first (6.7) and the last (5.7) overall knowledge assessment ( Table 1 ) was near to 15%. This is in line with the findings of a recent investigation that showed that the loss of knowledge related to basic biomedical sciences by medical students is relatively small and even doctors who had graduated many years previously show substantial retention of knowledge taught in medical school [4] . Therefore, whether the degree of loss observed in the current study is educationally relevant or not remains to be further investigated.
The maintenance, with a tendency for improvement, of student performance regarding communication skills is in contrast to previous findings showing that after an intensive course designed to develop effective communication and interviewing skills there was a significant decline of student performance in the subsequent clinical years, as they learn medical problem-solving [18, 19] . This discrepancy is likely to be due to differences regarding courses; in our settings, knowledge on clinical sciences, clinical reasoning and problem-solving skills are learned concomitantly in clinical disciplines that use real clinical scenarios where the opportunities for practicing were numerous, which could not occur elsewhere.
Regarding the clinical skills related to interpretation of diagnostic tests, such as the electrocardiogram and chest radiographs, the significant decay herein observed is in accordance with the results for knowledge retention, since these clinical skills are essentially cognitive in nature. This finding is possibly also related to non use or non practice [1, [3] [4] [5] [6] [7] , since the opportunities for practicing these skills in the semesters before the internship period are not so frequent. A monumental meta-analysis study focusing on the factors influencing the loss of trained skills or knowledge after prolonged periods of non use has found that after more than one year of non-practice, an individual might be performing at less than 92% of his performance level before the non-practice interval [6] , a finding that applies to the our results.
As far as the physical examination skills are concerned, scores were the highest, since the baseline assessment ( Table 2) , thus indicating that the performance was always good. It is important to emphasize however that these scores derived from checklists items measuring only the exam technique and not detection and interpretation of the clinical signs found. Maintenance of these clinical skills is again most likely to be explained by continuous practice after the initial acquisition, since as, at least for skills related to the examination of the eye [21] , additional training successfully reinforces performance, which progressively decays with non practice. Our findings, obtained in an educational scenario characterized by a richness of opportunities for practicing clinical skills, as already mentioned, are in accordance Fig. (2) . Paired scores (medians) obtained by 21 students who took the three assessments (A1, A2, A3) carried out with an objective structured clinical examination (OSCE) for various aspects of clinical skills performance related to pediatric cardiology. A2 and A3 were carried out six months and one year after A1, respectively. * -p< 0.05 versus A1.
with those from a comparative study including students from four schools with different programs [32] , which found that those from the one school with a longitudinal skills training program maintained higher scores in the subsequent clinical years. Again, the most likely interpretation for our findings showing maintenance or even improvement of genuine, but generic clinical skills is continued practice associated with student clinical work in the intervening period.
Taken as a whole, our findings are in accordance with the established notion that more physical and natural task-related skills, such as communication with patients and physical examination were less susceptible to loss than knowledge or cognitive abilities [6] . Assuming that non use is likely to be the cause for the knowledge decay, and student practice is the probable reason for maintenance of performance on clinical skills, the logical educational implication of our findings is in support of instructional strategies favoring both repetitive studying or refresher teaching and continuous practice. Also, repetitive testing could not only promote retention but also be instrumental in documenting knowledge and skills loss, which could therefore prompt opportune intervention.
Our study has a number of limitations that need to be taken into account. The sample size was relatively small and refers to a single class of a single medical school, which was studied over a relatively short period. Also, the accuracy of our clinical skills examination could also not be determined very precisely. Moreover, our findings come from a traditional medical school, so that these results cannot be generalised to educational scenarios characterised by the use of more active, student-centre learning strategies. Therefore, further studies are needed to confirm the results obtained and to ascertain whether they could be generalised to other educational settings. Also, the factors involved in decay or retention of knowledge and clinical skills, such as motivation and individual learner characteristics, teaching methods, learning environment, maintenance practice and retention interval, among others, should be specifically investigated in a more comprehensive manner.
CONCLUSIONS
Our data has showed that medical student retention of specific clinical sciences knowledge and cognitive skills related to diagnostic interpretation tests follow a pattern similar to that found in other scientific domains, characterized by progressive decay after initial acquisition. In contrast, fundamental clinical skills, such as communication with patients and physical examination seem to be substantially retained for at least one year, which could be ascribed to continuous practice. Assuming that these findings are causally related to use or non use of knowledge and skills rehearsal, respectively, the results of the present work supports educational strategies favoring both repetitive student re-exposure to previously learned contents and continuous practice. 
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